Abstract-This letter presents a feasible method for electrical ac power source burn-in test. The proposed architecture consists of two power stages. It consumes a lesser amount of energy than the conventional method and provides extra flexibility for the test load. To implement the proposed idea, a simple control strategy and system design is presented in this letter. A case study for an adjustable-speed ac motor drive is demonstrated by means of a prototype experiment to prove its performance and effectiveness.
I. INTRODUCTION
Traditionally, a newly manufactured ac power source, such as an uninterruptible power system (UPS), ac motor drive, etc., must have a burn-in test of about 24-72 h in order to verify the stiffness of this new piece of equipment and to improve its defective index, reliability, and stability. A consumption load bank is generally used, and significant energy is wasted. To improve this situation, a load-consumption-free method is required. By replacing the load bank with a newly developed power electronic technology, the consumed energy can be fed back to the utility system.
Recently, some methods for burn-in of power supplies and UPS's which can absorb the test energy from the tested equipment and deliver it back to the line have been proposed and demonstrated [1] - [4] . However, the present control methods do not exhibit a variety of test equipment, and there is very little in the literature which considers the burn-in test of the adjustable-speed ac motor drive, whose use is gradually increasing every year. Furthermore, none of these methods can provide the capacity flexibility of the test equipment.
This letter presents a general strategy for examination of an electrical ac power source, including a UPS and ac motor drive burn-in test. As the ac motor drive is nonsynchronized with the utility, the proposed consumption power feedback unit (CPFU) consists of two power stages, where the first stage is used to imitate the load characteristic, such as the RL load characteristic to the ac motor drive, and the second stage sends back the recycling energy to the utility. In this letter, the theoretical expectation is verified by the experimental results in a laboratory prototype system. Fig. 1(a) shows the single-line circuit configuration of the proposed CPFU system. The desired burn-in test energy will circulate in these two stages with a total efficiency of about 80%. However, there are two types of power flow control methods that can be used for the inverter stage to transfer the test energy, including the voltage-mode control and the current-mode control. This letter adopts the latter strategy based on the following analysis. 
II. SYSTEM CONFIGURATION

A. Voltage-Mode Operation
When the inverter stage is operated in the voltage-mode control, it is used to transfer the test energy by adjusting the amplitude and phase angle of the inverter output voltage. In Fig. 1(a) ,
where Vs is the utility voltage, Lr is the commutative inductance, VI is the controlled term by the inverter stage, and i r follows the change of V I .
Assuming that Vs and VI are sinusoidal, then the power flow transferred from the inverter stage to the utility can be represented as follows:
where Ps and Qs are the corresponding real and reactive power transferred to the utility, and is the phase angle between V s and V I . It is clear that the quantities of the real and reactive power are dependent on the controlled phase angle and amplitude of the inverter output voltage V I . These two equations are simultaneously solved to get the real and reactive power between these two terminals.
As the system is preferred to transfer the real power (Ps) to the utility, thus (4) must be equal to zero and, thus, Vs = VI cos :
This means the amplitude and phase angle of the inverter output should keep step to follow the above equation so as to transfer only the real power, that is, the amplitude and phase angle will be determined 
B. Current-Mode Operation
When the inverter stage is operated in the current mode control, it is used to transfer the test energy by adjusting the amplitude and phase angle of the inverter output current. With the same structure shown in Fig. 1(a) , here, i r is the controlled term by the inverter stage, and V I follows the change of ir. Assuming that Vs and VI are sinusoidal, a phasor diagram corresponding to Fig. 1(a) is shown in Fig. 1(b) , where i r lags V s by an arbitrary phase angle , then the real power P s and reactive power Qs supplied by the inverter to the utility are
From Fig. 1(b) , Vs + !Lrir sin = VI cos , and Vr cos = !L r i r cos = V I sin . Thus, the above equations can also be represented as (3) and (4). That is, the current-mode control strategy can be used to transfer the test energy, and the effect is the same as the voltage-mode control. Fig. 1(b) shows how V I can be changed by controlling the magnitude and phase of ir.
Even though these two methods lead to the same function, there are some differences. From (3), the following equation can be derived: These two equations show that the voltage-mode control is more sensitive to angle variations than the current-mode control, thus, the current control method seems to simplify, and so it is adopted in this letter. Fig. 2 shows the simplified functional block diagram of the proposed CPFU system which is related to Fig. 1(a) . Fig. 2(a) shows the case of the proposed ac/dc stage. The major object in this stage is to draw the test energy through the burn-in test equipment and pass it to the inverter stage. The amplitude of the current command is determined by the desired test power in the burn-in test work. Since it is connected as the load of the burn-in test equipment, sometimes it may be used to simulate the load characteristic, such as RL load characteristic to the ac motor drive, thus, a phase-shift circuit must be added at that time. Furthermore, for the adjustable-speed motor drive, it is necessary to settle the drive output to the normal situation (for example, 220 V, 60 Hz) in order to take a full-rating operation.
C. Proposed Control Strategy 1) AC/DC Stage Operation:
2) DC/AC Stage Operation: Fig. 2(b) shows the simplified functional block diagram of the proposed inverter stage. This stage is used to transfer the test energy by feeding in-phase current to the utility. From Fig. 2(b) , it is clear that the design procedure presented in this stages is the same as the conventional pulsewidth modulation (PWM) rectifier. As it is simply achieved, no further discussion is presented here. Furthermore, Fig. 2 also shows that the proposed two stages have the same current controller, except that the inverter stage including an additional dc-bus voltage regulation loop. Thus, it is easy to be implemented for these two stages.
D. Parallel Operation
To achieve a high flexibility of burn-in test environment, it can take a different structure by using the parallel arrangement of several rectifiers with the same inverter. By replacing smaller scale inverters with a larger one can reduce the burn-in test space and the CPFU facility. This structure is especially suitable to small-scale tested equipment. Fig. 3(a) shows the configuration in this situation. In addition, the parallel arrangement can also be used to share the testing load of largescale test equipment, especially for huge size but small amount products. Fig. 3(b) shows the configuration in this situation. Thus, the capacity of the CPFU system will be very flexible, for example, the adjustable-speed motor drive burn-in test, one can use the 3-hp CPFU system to handle the tested equipment which is smaller than 3 hp, or use the 20-hp CPFU system to handle the tested equipment which is between 3-20 hp, and use some sets (for example, five sets or more) of the 20-hp CPFU system with parallel operation, as shown in Fig. 3(b) , to handle the tested equipment which is smaller than 100 hp. Thus, the capacity of the CPFU system will also be simplified.
III. EXPERIMENTAL RESULTS
This letter uses a three-phase adjustable-speed ac motor drive as the tested equipment to prove the proposed idea. The tested equipment has a diode rectifier bridge input and a PWM inverter output. The switching frequency is about 18 kHz, and the rating is 3, 220 V, 5 hp. As it is not insulated, and the inverter output is a form of PWM pattern, the tested unit is connected to the proposed CPFU system through a three-phase Y-Y connection transformer and a set of LC filters which are used to obtain the three-phase sinusoidal voltages. The parameters of the LC filters are chosen as L1 = 1:5 mH, C1 = 2F. However, the transformer stage is not necessary if the tested unit is an insulated UPS system. The proposed CPFU system consists of a three-phase PWM rectifier and a three-phase PWM inverter. The control block diagrams for these two stages are the same as Fig. 2 , except that the single-phase system is replaced by a three-phase structure. The switching frequency is about 12 kHz. The experimental result is shown in Table I .
In Table I , the overall efficiency of the proposed CPFU is lower at a small test level and is higher at a large test level. The dissipation includes the switching loss in the main circuit and control circuit and the cooling fan loss. The total average efficiency presented in the utility is about 80%, that is, about 80% of the test energy through the ac motor drive can be fed back to the utility. 
IV. CONCLUSION
In this letter, a simple but effective control strategy for consumption power feedback of an ac power source burn-in test has been described. A CPFU system with current-mode control has been used. It provides two benefits, namely, energy saving and load capacity flexibility. A prototype experiment has proven the performance of the proposed method to be effective. The proposed method is suitable for ac equipment, including synchronized (UPS) or nonsynchronized (ac motor drive), and can reduce energy costs during product burn-in tests. The developed method has been shown to be valuable for the power electronic industry.
